Loyola University Chicago

Loyola eCommons
Master's Theses

Theses and Dissertations

1995

Electrochemical, Chromatographic, and Spectrometric Studies of
an Osmium Containing Polymer
Lawrence John Rhodes
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses
Part of the Chemistry Commons

Recommended Citation
Rhodes, Lawrence John, "Electrochemical, Chromatographic, and Spectrometric Studies of an Osmium
Containing Polymer" (1995). Master's Theses. 4090.
https://ecommons.luc.edu/luc_theses/4090

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1995 Lawrence John Rhodes

LOYOLA UNIVERSITY OF CHICAGO

ELECTROCHEMICAL, CHROMATOGRAPHIC, AND
SPECTROMETRIC STUDIES OF AN OSMIUM CONTAINING
POLYMER

THESIS SUBMITTED TO
THE FACULTY OF THE GRADUATE SCHOOL
IN THE CANDIDACY FOR DEGREE OF
MASTER OF SCIENCE

DEPARTMENT OF CHEMISTRY

BY
LAWRENCE JOHN RHODES

CHICAGO, ILLINOIS
JANUARY 1995

Copyright by Lawrence John Rhodes, 1994
All rights reserved.

II

ACKNOWLEDGMENTS

I would

like to thank Professor Alanah

Fitch for her guidance,

encouragement, and patience in carrying out this work. Special thanks should
be noted for letting me finish this thesis at my unbelievably slow pace and for
allowing me to perform the research at work.
I appreciate the financial support given to me by Nutrasweet R&D (Searle)
and Abbott Laboratories. I also, want to thank the companies for allowing me to
pursue this thesis after hours at their facilities.
Finally, I would like to thank my bosses Mike Cleary, Dennis Stephens, John
Oberdier, Earl Speicher, and Ann Stelmach for their encouragement and my coworkers Ragu Raghavan and Dave Cunningham for their long discussions on
electrochemistry.

iii

TABLE OF CONTENTS

ACKNOWLEDGMENTS ............................................................................ iii
LIST OF TABLES ......................................................................................vi
LIST OF FIGURES ................................................................................... vii
LIST OF ABBREVIATIONS ....................................................................... ix

Chapter
I.

INTRODUCTION .................................................................................. 1
I.

Statement of Problem ................................................................ 1

II.

Chemically Modified Electrodes Background ............................ 2

Ill.

Enzyme Background .................................................................. 4

IV.

Antibody Background ................................................................. 5

V.

Technique: Cyclic Voltammetry ................................................. 6

VI.

Technique: Gel Permeation Chromatography ........................... 7

VII.

Summary of Experiments ........................................................... 8

II. EXPERIMENTAL METHODS ............................................................. 10
I.

Experimental .......................................................................... 10
1.1

II.

General Methods ............................................................ 1O

1.1.1.

Instruments .......................................................... 10

1.1.2.

Chemicals and Reagents ..................................... 10

Electrochemical Analysis ...................................................... 11

11.1.1. Instrument Set-Up ................................................ 11
11.1.2. Cleaning the Glassy Carbon Electrode ............... 12
11.1.3. Glassy carbon Electrode Characterization .......... 12

iv

111. RES ULTS AND DISCUSSION ........................................................... 19
I.

Procedures ............................................................................. 19
1.1.1

II.

Polymer Synthesis ............................................... 19

Polymer Electrode Experiments ........................................... 31
11.1.1.

Polymer Electrode Set-Up ................................... 31

11.1.2. Polymer/GOD Electrode Set-Up .......................... 37

Ill.

Binding of GOD with Antibody ............................................. 43
111.1.1

Antibody Purification ............................................ 43

111.1.2. Glucose Oxidase Tagging Procedure .................. 48
111.1.3. Tagged Glucose Oxidase Antibody Reaction ...... 48
111.1.4. Glucose Oxidase binding to Antibody .................. 55

IV.

Binding Antibody and Polymer............................................. 61

V.

Binding of GOD with Antibody and Polymer ....................... 67

VI.

Diode Array Data from the GPC Chromatograms ............... 73

VII.

Polymer Antibody Electrode Experiment ............................ 80

VIII.

Summary and Future Direction ............................................. 83

BIBLIOGRAPHY ...................................................................................... 84
VITA ......................................................................................................... 87

v

LIST OF TABLES

Tables

Page

1.

The Linear regression data from the 2 mM K3[Fe(CN)6] in
0.2 M NaCl run with varied scan rates ....................................... 18

2.

The Carbon, Hydrogen, and Nitrogen results for the sample
cis-bis(2',2'-bypyridine-N'N')dichloroosmium(lll) chloride
di hydrate ....................................................................................21

3.

The Carbon, Hydrogen, and Nitrogen results for the sample
cis-bis(2',2'-bypridine-N',N')dichloroosmium (II) ......................... 23

4.

The Carbon, Hydrogen, and Nitrogen results obtained for the
sample POs-EA PF6-salt. ...........................................................27

5.

The Carbon, Hydrogen, and Nitrogen results obtained for the
sample POs-EA .......................................................................... 28

6.

The typical GPC conditions used ...................................................... .45

7.

The regression data for the plot in Fig. 10 ......................................... 54

8.

The regression data for the untagged GOD versus increasing
amounts of purified antibody. The peak areas and antibody
amounts were used to generate Fig. 12 ..................................... 60

9.

The regression data for the polymer versus increasing amounts
of purified antibody. The peak areas and antibody
amounts were used to generate Fig. 14..................................... 66

10.

The regression data for the GOD and Polymer versus increasing
amounts of purified antibody. The peak areas and antibody
amounts were used to generate Fig. 16 ............... ...................... 72

vi

LIST OF FIGURES
Figures

Page

1.

A typical cyclic voltammogram of 2 mM K3[Fe(CN)6] in
0.2 M NaCl. ................................................................................ 14

2.

The plot of the square root of the scan rate versus the peak
height. ........................................................................................ 16

3.

The UVNis spectra obtained for the POs-EA polymer....................... 29

4.

Typical Cyclic Voltammogram of POs-EA polymer
crosslinked with PEG ................................................................. 33

5.

The POs-EA polymer crosslinked with PEG plotted at varied
scan rates ...................................................................................35

6.

A typical Cyclic Voltammogram of GO/POs-EA/PEG ......................... 38

7.

A cyclic voltammogram of GO/POs-EA/PEG film on a glassy
carbon electrode run at 1 mV/sec, 5 mV/sec, and
5 mV/sec in the presence of 50 mM glucose ............................. .41

8.

The GPC chromatogram comparing the three fractions
collected after purification ......................................................... .46

9.

The GPC chromatogram of GOD* spiked with increasing
amounts of purified antibody ...................................................... 50

10.

The plot of the peak response at 2.1 min versus
antibody additions ...................................................................... 52

11.

The GPC chromatogram of GOD spiked with increasing
amounts of antibody ................................................................... 56

12.

The plot of the untagged GOD at 1 mg/ml with increasing
amounts of purified antibody ...................................................... 58
vii

13.

The GPC chromatogram of the POs-EA polymer overlaid
with increasing amounts of added antibody ............................... 62

14.

The plot of peak area response for the POs-EA polymer
peak at 2.8 and 3.2 min versus increasing amounts
of antibody ..................................................................................64

15.

The GPC chromatogram of the POs-EA polymer and GOD
overlaid with increasing amounts of added antibody ................. 68

16.

The plot of peak area response for the POs-EA polymer and
GOD peaks at 2.8 and 3.2 min versus increasing
amounts of antibody ................................................................... 70

17.

The GPC diode array chromatogram of the purified antibody ............ 74

18.

The GPC diode array chromatogram of the 1 mg/ml GOD
solution .......................................................................................76

19

The GPC diode array of the 1 mg/ml GOD solution spiked
with 60 ul of purified antibody ................................................... 78

20

A typical Cyclic Voltammogram of Ab/POs-EA/PEG .......................... 81

viii

LIST OF ABBREVIATIONS

CV

Cyclic Voltammetry

SCE

Saturated Calomel Electrode

POs-EA

Osmium Containing Redox Polymer

CAME

Catalytic Antibody Modified Electrode

DNA

Deoxyribonucleic acid

HIV

Human Immunodeficiency Virus

Pt

Platinum

DMF

Dimethylformamide

c

Carbon

H

Hydrogen

N

Nitrogen

HPLC

High Performance Liquid Chromatography

BAS

Bioanalytical Systems Inc.

PEG

Polyethylene glycol diglycidyl ether

GO

Glucose Oxidase

GO-FAD

Glucose Oxidase-Flavin Adenine Dinucleotide

GO-FADH2 Glucose Oxidase-Flavin Adenine Dinucleotide Reduced

Os

Osmium

FITC

Fluorescein lsothiocyanate

GOD*

Glucose Oxidase Tagged with Fluorescein lsothiocyanate

DMSO

Dimethyl Sulfoxide

LC

Liquid Chromatography
ix

CHAPTER I
INTRODUCTION

I.Statement of the Problem

The goals of this thesis project are to synthesize a redox-metal containing
polymer and characterize this polymer by electrochemistry, chromatography, and
spectroscopy techniques.
The polymer will be used to develop a new class of modified electrodes
called Catalytic Antibody Modified Electrodes (CAME).

This novel class of

electrodes will result in the development of tailorable surfaces for directing
electrochemical reactions. The applications for these types of electrodes would
include selective oxidation's, cleavages of pesticide residues,

sequence

selective DNA, and diagnostic applications in cancer and HIV testing.

The

technology should be able to study electron transfer between immobilized sites
in biological configurations.
The goal is to direct charge directly from the electrode to a catalytic redox
active site on the antibody. In order to achieve this goal the polymer must be
electroactive, must bind to the antibody without a loss of activity and the
antibody must contain a redox active catalytic site.

Redox active catalytic

antibodies can be raised via monoclonal techniques and are the focus of further
study. The goal of this research is to ascertain that the polymer is capable of
non-destructive binding an antibody without loss of activity.

1

The antibody
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chosen for investigation is the anti-glucose antibody.

The polymer is that of

Heller and coworkers (1 ).

II.Chemically Modified Electrodes Background

Chemically modified electrodes are electrodes with an immobolized
chemical on the electrode surface.

These electrodes display chemical,

electrochemical, optical, and other properties of the immobolized molecules (2).
The selection of these immobolized chemicals is the key for the basis of known
and desired properties. Among these include fast outer-sphere electron transfer
agents, chiral centers, functionalities which scavenge trace molecules or ions
from solutions, photosensitizers, corrosion inhibitors and so on.

That is the

electrode surface can be tailor-made to exhibit the above properties.

The

electrochemical reactions of chemically modified electrodes provide the
opportunity to study the basis of electrochemical reactions.

The immobolized

chemicals when electrochemically reactive allow the direct or indirect exchange
of electrons with electrode surface.

The electrode displays electrochemical

responses for oxidation and reduction of the substance.

In a current-potential

representation, these responses are called surface waves.
electrochemical transformation is represented as

The interfacial
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Where 0 is oxidized and R is the reduced forms of the immobolized substance
(3-5). Investigations of electrochemical reactions such as this make it possible
to probe initial state/final state thermodynamic differences and kinectic
mechanisms of electron transfer.

The principal routes to immobolization of

electrochemically reactive substances can be grouped as chemisorption, film
deposition, and covalent bonding. Chemisorption refers to strong or irreversible
adsorption of electroactive substances on the electrode surface.

Covalent

bonding of molecules to electrode surfaces is usually done with synthetic
compounds. Film deposition of electroactive substances on electrodes refers to
the preparation of films which contain many monomolecular layers of
electroactive sites.

The film is held by chemisorptive effects.

materials are primarily organic,

organometallic,

and

metal

The typical
coordination

polymers.
Polymer coated electrodes have been the target of substantial research
(6,7,8,9,10,11,12,13,14).

Oyama

and

Anson

(15,16,17,18,19,20,21,22)

investigated poly(4-vinylpyridine) (PVP) coated electrodes.

They found that

films of these polymers are strongly adsorbed on pyrolytic graphite and form
long-lived, reproducible electrodes with redox couples. Electroactive anions of
fast redox kinectics were found to be rapidly reduced and oxidized in these films,
as

were

cations

complexed.

Thus

the

complexes

of

PVP

and

poly(vinylbipyridine) with ruthenium, iron, osmium and cobalt complexes showed
persistent reproducible and often fast electrochemistries.
This lead to the development of a Redox-Polymer developed by Heller and
Gregg (23). This polymer contains osmium and resembles a hydrophilic epoxy
cement. The polymer when crosslinked with enzymes demands a hydrophilic
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surface which allows binding under near-physiological conditions.

Further

desirable characteristics include fast diffusion of the substrate and product
through the polymer film, rapid electron self-exchange in the redox-polymer, and
electrical communication with the active site of the enzyme. This redox-polymer
developed by Heller and Gregg will be synthesized, structurally characterized,
and immobolized with enzymes and catalytic antibodies.

Ill.Enzyme Background

Enzyme-based biosensors are being used in an increasing number of
biotechnical, agricultural, environmental, and clinical applications (24,25,26,27).
The high selectivity of the enzymes coupled with the electrode technology
results in the ability to detect a single species in the presence of a complex
mixture (8). Direct electron transfer between an enzyme and conventional solid
electrodes has directed much attention with respect to novel electrodes.

Our

interest has led us to reproduce a redox-polymer currently found in the literature
(1 ).

This cross linked redox polymer resembles a hydrophilic epoxy cement.

Desirable characteristics such as a hydrophilic electrode surface allows binding
under near-physiological conditions.

This results in a polymer matrix that

promotes the stability of the enzyme, the fast diffusion of the substrate of interest
through the polymer film, rapid electron self-exchange, and facile electrical
communication with the active site oxidoreductase (1 ). This redox polymer first
developed by Heller and Gregg will be used to develop a new class of catalytic
antibody modified electrodes.

This paper will describe the synthesis of the

polymer, the electrochemical behavior of the polymer, the interaction of the
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polymer with glucose oxidase and a monoclonal anti-glucose oxidase antibody
with chromatographic and spectroscopy techniques.

Ill.Antibody Background

Antibodies are host proteins produced in response to the presence of
foreign molecules in the body (28). They are a large family of glycoproteins that
share key structural and functional features. The functional characterization is
their ability to bind to antigens throughout the immune system.

The

characteristic structure of antibodies is a Y shape. This Y shape consists of 4
polypeptides.

The polypeptides are paired in terms of two heavy chained

polypeptides and two light polypeptides. Antibodies are unique in their ability to
recognize a diversity of substances (29). The diversity arises from their function
in the immune system. They have the ability to bind with many different foreign
substances (28).

Enzymes are distinguished by their catalytic ability to

accelerate chemical reactions. Ordinary antibodies do not catalyze reactions in
living organisms (29).

Certain features however, of the antibodies can be

modified to produce catalytic activity. Catalytic function is introduced by creating
an antibody which binds normally in high energy states of their target molecules.
That is catalytic antibodies stabilize the transition state and thereby catalyze the
process (30).

The ability to design catalytic antibodies would have virtually

limitless uses in biotechnology,

medicine, and investigations of protein

structures and function.
The antibody used in this study is a monoclonal anti-glucose oxidase
(mouse lgG1 isotype) purchased from Sigma. The antibody is derived from the
hybridoma produced by the fusion of mouse myeloma cells and splenocytes from
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immunized mouse. Purified glucose oxidase from Aspergillus Niger was used as
the immunogen. The isotype is determined by a double diffusion assay using
immunoglobulin and subclass specific antisera (Sigma Package Insert).

This

product is provided as ascites fluid with 0.1 % sodium azide as a preservative.
The specificity of the monoclonal anti-glucose oxidase is determined by reaction
with glucose oxidase and subsequent retention of enzymatic activity.

The

description of the mouse monoclonal antibody can be performed through typical
binding to a mouse immunoglobin or by the conjugation of the antibody to a label
such as an enzyme or fluorochrome. The dissociation constants can then be
used to determine the binding (31 ).

IV.Technique: Cyclic Voltammetry

The technique of Cyclic voltammetry (CV) monitors the electrode current of
an electroactive species as the electrode potential is changed. The potential of
a small stationary working electrode is changed linearly with time starting from a
potential where no electrode reaction occurs and the moving to a potential
where reduction or oxidation of the analyte occurs. Thus, CV is a simple and
direct method for obtaining the formal potential of a half reaction when both
forms of the oxidized and reduced forms are stable during the time required to
obtain the current-potential curve (32). In reduction, the potential starts from a
positive value of an oxidized substrate and then is scanned in the negative
voltage direction. At the formal potential a Faradaic current is observed, which
is due to the reduction of a compound at the electrode surface.

When the

electrode potential is negative of the half-wave potential (E1/2) by an amount of
59/2n mV (n is the number of electrons involved), the current peaks out. The
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scan is continued in the negative direction and the reduction current decreases
due to a depletion of the substrate in the diffusion layer. At the moment that the
scan is reversed, the current is still due to reduction of the substrate.

The

potential is next scanned back positive then a Faradaic current of opposite sign
appears as the substrate is regenerated through an oxidation reaction.

The

corresponding oxidation peak is then observed at 59/2n mV of E1 /2. The cyclic
voltammogram is a display of current (vertical axis) versus potential (horizontal
Axis). For a reversible system, the peak current is described by the following
Randles-Sevcik expression (32,33,34):

[1]

Where

ip

=peak current, A

n = number of electrons
A

=electrode area, cm2

D = diffusion coefficient, cm2/s

=concentration, mol/cm3
v =scan rate V/S
C

From equation [1 ], it is important to note that the measured current depends
on the diffusion coefficient of the substrate. Therefore, by measuring the current
we are measuring the diffusion of a substrate that can be changed depending on
the medium.
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VI. Technique: Gel Permeation Chromatography

Gel permeation chromatography (GPC) is also referred to as size exclusion
chromatography, gel filtration, or gel chromatography.

This technique is the

preferred method for separating higher molecular weight components (MW
>2000), particularly those that are nonionic (35).

The method is most widely

used to obtain molecular weight distributions for synthetic polymers. However,
individual molecules such as proteins and nucleic acids are also best separated
by GPC. GPC separates molecules according to their effective size in solution
using a column packed with pores of a particular average size. If some of the
sample molecules are too large to enter the pores they are totally excluded from
the particle. These large sample molecules move directly through the column
and appear first in the chromatogram. Molecules which are smaller permeate
almost the entire particle and are retained in the column longer. These smaller
molecules elute later in the chromatogram.

Solutes of intermediate size are

sterically less able to approach the walls of the pores and, on the average,
spend less time in the pores. These solutes, therefore, elute at various speeds
depending on their size. Because solvent molecules are usually quite small they
elute last. The entire sample, therefore, elutes before the unretained peak with
GPC.

This is the fundamental difference between GPC and other liquid

chromatography (LC) techniques. Separation in GPC occurs strictly on the basis
of molecular size. Retention of solutes by other mechanisms (e.g. adsorption) is
undesirable and usually does not occur with proper combination of substrates in
the mobile phase.

GPC offers several advantages over other LC techniques

(narrow bands, short retention times, good detection, and predictable separation
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times).

Disadvantages to GPC are the limited peak capacity and non-

applicability to some samples (36,37).

VI.Summary of Experiments

In the following sections of this thesis are the descriptions of the many
experiments performed.

The synthesis of the redox-polymer was performed

following the characterization of the glassy carbon working electrode.
voltammetry

was

carried

out

to

study

the

redox-polymer.

Cyclic
Further

electrochemical studies were performed on the redox-polymer bound to the
enzyme

glucose

oxidase.

Chromatographic

and

spectrophotometric

experiments were developed to further characterize a redox-metal containing
polymer and its activity towards the enzyme glucose oxidase and the monoclonal
antibody glucose oxidase.

CHAPTER II

EXPERIMENTAL METHODS
I.EXPERIMENTAL
1.1.General Methods
1.1.1 Instruments
All cyclic voltammograms were obtained using a Bioanalytical Systems
BAS-100 Electrochemical Analyzer with a PL-10 digital plotter. Potentials were
measured against a Saturated Calomel Electrode (SCE). The ultra-violet/visible
experiments were obtained on a Beckman DU-90 spectrometer (equipped with
an Epson LQ-1000 printer and a Compaq 286 Desk pro PC computer. Sample
and reagent weighings were performed on a Mettler AE163 analytical balance.
Gel permeation chromatography was performed on two HPLC systems. The first
one consisted of a Spectra Physics P4000 pump, Spectra Physics AS3000
autosampler, Perkin Elmer Turbochrom data acquisition, and an Applied
Biosystems 785A UV detector. The second HPLC system consisted of a Perkin
Elmer 250 binary pump, Perkin Elmer ISS200 autosampler, and a Perkin Elmer
235C diode array detector with the same data acquisition.

1.1.2.Chemicals and Reagents
Potassium hexachloroosmiate(IV) was purchased from Johnson and
Matthey.

Sodium hydrosulfite, 2'2-Diyridyl,2-bromoethylamide hydrobromide,

ammonium hexaflurophosphate, and Sodium -HEPES were purchased from
10
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Aldrich.

Poly(4-vinylpyridine)

and

polyethylene

glycol

diglycidyl

ether

(polysciences) and AG 1-X4 anion form resin 20-50 mesh (Bio-Rad) was used
as received.

Fluorescein lsothiocyanate, glucose oxidase, monoclonal anti-

glucose oxidase and glucose (Sigma) and sodium chloride (Mallinckrodt) were
used as received.

Potassium phosphate monobasic monohydrate and

potassium phosphate dibasic were purchased from J.T. Baker.

Affi-Gel blue,

and Bio-Spin 6 columns were purchased from Bio-Rad. The GPC synchropak
GPC300 250x4.6mm

l.D.

chromatography column was purchased from

Synchrom.

II.Electrochemical Analysis
11.1.1.lnstrument Set-Up

The electrochemical system consists of three electrodes (working, counter,
reference}, an electrochemical cell, a potentiostat, and an X-Y chart recorder.
The Bioanalytical systems 100 (BAS-100) electrochemical analyzer was
attached to a BAS PL-10 digital plotter.

The three electrodes were a glassy

carbon working electrode, a platinum (Pt) counter electrode, and a reference
Saturated Calomel Electrode (SCE). The cell was purged with nitrogen prior to
any electrochemical experiments.

Also,

a headspace of nitrogen was

maintained above the solutions during acquisition. This was done by lifting the
nitrogen gas tube from the solution and adjusting the flow rate of the gas stream
to a degree that a slight surface vibration was observed.

This avoided the

potential of oxygen interference during the entire experiment procedure. The Xy plotter was not calibrated prior to use. The electrodes were attached to their

corresponding cables on the potentiostat. The potentiostat parameters were set
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prior to data acquisition for most experiments conducted. The potential windows
were +0.8 to -0.2 Volts with a variable scan rate.

11.1.2.Cleaning the Glassy Carbon Electrode

The glassy carbon working electrode must be polished prior to use. This
was performed to assure that the carbon surface was clean and fresh.

The

cleaning procedure consisted of making a slurry of 0.2 micron alumina (Buehler
Inc., Lake Bluff, IL) with deionized water. The electrode was then cleaned by
sweeping figure eight's on a felt buffing pad.

This was then followed by

ultrasonic cleaning in a beaker of deionized water for a minimum of 5 min.

11.1.3.Glassy Carbon Electrode Characterization

The purpose of this experiment was to determine the active surface area of
the glassy carbon working electrode and the integrity of the electrode.
experiment consisted of 10 different scan rates.

This

A 0.2 M sodium chloride

solution was used as the electrolyte along with a 2 mM potassium ferricyanide
solution as the analyte in the solution. The BAS-100 potentiostat was set up
with an initial potential of -200 mV and a high potential of 800 mV. The sample
interval was one and the sweep segments were 2. The scan rate was varied at
4, 9, 16, 25, 36, 49, 64, 81, 100, and 144 mV/second.

The solution was

thoroughly degassed prior to experimentation with nitrogen and then blanketed
with nitrogen during the experiment. In Fig. 1, a typical CV of K3[Fe(CN)6] is
shown. The CV demonstrates the reversible nature of the electrode. There are
four requirements for reversibility of the electrode. The requirements are that
the peak heights vary as the square root of scan rate, the difference in peak
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potentials should remain constant at about 60 mV, the ratio of the cathodic peak
to anodic peak current should stay at 1, and the capacitive current should vary
with the scan rate. Fig. 2, is a plot of the square root of the scan rate versus
the peak height of the 10 different scan rates. The linearity demonstrates the
reversibility of the electrode. The results of the glassy carbon working electrode
characterization are shown in Table 1. The peak current can be described by
the Randles-Sevcik equation [1].

14

Fig. 1

A typical cyclic voltammogram of 2 mM K3[Fe(CN)6] in 0.2 M NaCl.
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Fig. 2

The plot of the square root of the scan rate versus the peak height.
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Table 1.--The linear regression data from the 2 mM KJ[Fe(CN)s] in 0.2 M
NaCl run with varied scan rates.

Peak Height

Scan Rate

Sguare Rt. (Scan Rate}

6.25

4

2

8.33

9

3

11.3

16

4

14.2

25

5

15.8

36

6

16.6

49

7

20.8

64

8

23.3

81

9

23

100

10

25.4

144

12

Slope

Intercept

r2

2

3.06

0.98

CHAPTER Ill

RESULTS AND DISCUSSION

I.PROCEDURES

In order to study antibody binding in the presence of a polymer, an
authentic redox active polymer was required. This next section describes the
synthesis and characterization of a redox active polymer.

1.1.1. Polymer Synthesis
Cis-Bis(2',2'-bipyridine-N,N') Dichloroosmium (Ill) chloride dihydrate was
synthesized by the following reaction (38).

DMF
K2[0sCl6] + 2bpy + 2H20 ~ [Os(bpy)2Cl2]Cl.2H20 + 2KCI + Cl-

[2]

Heat
[Os(bpy)2Cl2]Cl.2H20 ~ [Os(bpy)2Cl2]CI + 2H20

[3]

The potassium hexachloroosmiate (IV) 1.90399 grams and the 2,2-dipyridyl
1.30324 grams was weighed out accurately on a Mettler AE240 balance and
transferred to a 100 ml round bottom flask. To the round bottom flask, 40 ml of
dimethylformamide was added. A stir bar was added as was a reflux condenser.
A gentle stream of nitrogen was introduced through the top of the condenser.
19
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The gentle stream of nitrogen was added to the system to prevent the oxidation
of DMF.

The system was allowed to reflux for one hour.

The solution was

cooled to room temperature (approx. 1 hour). The KCI was removed from the
solution by filtration through a Whatman filter paper #1 and using a side arm
flask equipped with a rubber 0-ring and porcelain filter holder.

Ethanol was

added (20 ml) to the filtrate contained in the one liter flask. The complex was
precipitated by the slow addition of diethyl ether (500 ml) while being rapidly
stirred. After the oily precipitate crystallizes, it is collected on a medium porosity
sintered glass funnel and air dried.

During this process the complex absorbs

two water molecules from the moisture in the solvent.

The yield was 2.406

grams. The reference stated a theoretical yield of 2.2-2.45 grams. The sample
was submitted to Midwest micro lab for carbon, hydrogen, and nitrogen content.
In Table 2 the results from the C, H, N analysis are listed along with the
theoretical yields.
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Table 2.--The Carbon, Hydrogen, and Nitrogen results obtained from
Midwest Microlab for the sample cis-bis(2',2'-bipyridine-N'N')
dichloroosmium(lll) chloride dihydrate (cis-[Os(bpy)2Cl2]Cl.2H20).

Analysis

Theory

% Found

Carbon

37.24

34.14

35.00

Hydrogen

3.13

3.55

3.74

Nitrogen

8.69

8.89

9.14
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Cis-bis(2',2'-bypyridine-N,N')dichloroosmium(ll) was synthesized by the
following reaction (38).

Bis(2',2'bipyridine-N,N')dichloroosmium (Ill) chloride dihydrate 1 gram was
dissolved in a mixture of dimethylformamide (20 ml) and methanol (10 ml)
contained in a 600 ml beaker. A dilute aqueous solution of sodium hydrosulfite
(2g in 200 ml) was added to the solution slowly for 30 min.

The solution

containing the dark oily suspension of the complex is cooled an ice bath and the
walls of the beaker were scratched with a glass rod. The crystallized complex is
isolated on a medium porosity filter paper and washed with water (2 x 10 ml),
and ethyl ether (2 x 10 ml).
obtained 0.86 grams.

The yield was 0.656 grams and the reference

The sample was analyzed for carbon, hydrogen, and

nitrogen. Table 3 lists the carbon, hydrogen, and nitrogen analysis.
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Table 3.--The Carbon, Hydrogen, and Nitrogen results obtained from
Midwest Micro Lab for the sample cis-bis(2'2'-bypridine N,N')
dichloroosmium(ll).

Analysis

Theory

Carbon

41.89

41.25

41.28

Hydrogen

2.81

2.79

2.81

Nitrogen

9.77

9.59

9.58

% Found
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Scheme I: The Synthesis of the POs-EA Polymer

~
~NJ

CH): [Os(bpy)2Cl2] (HOCH:)zPOs-EA PFs Salt

DMF
CH3,HNH2.HBr
Br
NH4PF5

POs-EA PF6 Salt

+

H20 + HCI + CH3CN

------'.,_

POs-EA

POs-EA

[5]

n=1, m=4, p=1.2
Cis-bis[2',2'-bypridine-N,N']dichloroosmium

(0.495

grams)

and

poly(4-

vinylpyridine) (0.4336 grams) were combined in a 100 ml round bottom flask
and heated under nitrogen at reflux with 18 ml of ethylene glycol for 2 H. The
mixture was magnetically stirred while refluxing in the 100 ml round bottom
flask. After cooling to room temperature, 30 ml of dimethylformamide and 1.5

25
grams of 2-bromoethylamine hydrobromide were added.

The solution was

stirred at 57°C initially and then 45°C overnight. The crude polymer was poured
into rapidly stirred acetone (500 ml).

The precipitate was collected on a

medium porosity filter. The precipitate was dissolved in 500 ml of HPlC grade
water and then filtered through a 0.45 micron nylon 66 membrane using a mobile
phase apparatus. The filtered solution was placed back into the original 1 liter
beaker and stirred over a magnetic stirrer.

A solution of ammonium

hexafluorophosphate (2 grams in 200 ml of water) was poured over the filtered
solution. This was rapidly stirred for 10 min. The precipitate was collected on a
Whatman #1 filter.

The material was dried overnight and the polymer was

scrapped and then weighed on a Mettler AE240 balance. The yield was 290.62
milligrams. The filtrate was dark and since the yield was low compared to the
literature, the filtrate was re-filtered through a large medium porosity filter. This
was allowed to dry overnight with the vacuum on. The material collected was
501.81 mg. The literature obtained 0.490 grams (1) and the total obtained for
the above synthesis was 0. 792 grams. The dry POs-EA PF6-salt was placed
into a 600 ml beaker and 20 ml of acetonitrile and 50 ml of HPlC grade water
were added. The solution was stirred over 5.2 grams of anion exchange beads
for 2 H. After 2 H of mixing, the solution was filtered through a fluted Whatman
#1 filter paper. Ten ml of acetonitrile was used to rinse the remaining material
out of the 600 ml beaker. The solution was placed into a vacuum desicator.
The initial volume of the solution was 50 ml. The solution was concentrated to
10 ml by allowing the mixture to vacuum desiccate overnight.

The pH was

adjusted to 1.5 with concentrated HCI. The mixture was then poured into rapidly
stirred acetonitrile.

The solution was then rapidly filtered through a 150 ml
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medium porosity filter.

The product was collected and dried in a vacuum

desicator overnight. The yield was 0.485 grams. Equation 5 yields the chemical
structure of the polymer POs-EA. The POs-EA PF6-salt and POs-EA product
were analyzed for Carbon, Hydrogen, and Nitrogen content. Table 4 and Table

5 list the results obtained. A UVNis scan from 200-800 nm was run on a 1
mg/ml solution of the POs-EA polymer. Fig. 3 is the spectra obtained from this
solution.
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Table 4.--The Carbon, Hydrogen, and Nitrogen results for the sample POsEA PF5-salt.

Analysis

Theory

Carbon

Not Known

41.73

41.82

Hydrogen

Not Known

3.91

3.78

Nitrogen

Not Known

8.29

8.30

% Found
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Table 5.--The Carbon, Hydrogen, and Nitrogen results for the sample POs-

EA.

% Found

Analysis

Theory

Carbon

Not Known

43.47

43.42

Hydrogen

Not Known

3.85

4.00

Nitrogen

Not Known

8.42

8.40
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Fig. 3 The UVNis spectra obtained for the PCs-EA polymer.
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II.Polymer Electrode Experiments
The synthesized polymer was tested for proper electrochemical activity with
respect to Glucose oxidase.

This next section describes the electrochemical

and activity of the synthesized polymer to GOD.

11.1.1.Polymer Electrode Set Up
The glassy carbon electrode was polished on a polishing cloth sequentially
with allumina of decreasing particle size (1 µm, 0.3 µm, 0.05 µm), sonicated, and
rinsed with water after every polish, and then air dried. A 4 mg/ml solution of
polymer solution (POs-EA) was prepared in 10 mM HEPES at a pH of 8.2. Also,
a solution of 2.3 mg/ml polyethylene glycol diglycidyl ether (PEG) was prepared
in water. To a glass plate 50 ul of the POs-EA solution and 10 ul of the PEG
solution were combined and mixed thoroughly. A 2 ul aliquot of this combined
mixture was applied to the surface area of the glassy carbon electrode.

The

electrode was then air dried at about 40°C for 48 H. The electrode was then
rinsed with water to remove the unreacted species and salts. The electrode was
then air dried for about one more hour.

Electrochemical experiments were

performed with a BAS-100 potentiostat equipped with a Pl-10 digital plotter. An
electrochemical cell was used with an aqueous saturated calomel (SCE)
reference electrode and platinum counter electrode.

All experiments were

carried out with a nitrogen blanket after thorough nitrogen degassing.
potentials were reported vs. SCE.

The

Typical cyclic voltammograms of POs-EA

cross-linked with 5.9 weight percentage PEG on a glassy carbon electrode in 1O
mM HEPES is shown in Fig. 4 at 40 mV/sec scan rate.

Fig. 5 is the same

electrode with the scan rate varied at 10, 20, 50 and 100 mV/sec. At slower
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scan rates the voltammograms exhibit the classical symmetric shape (39)
showing reversible oxidation and reduction of the surface bound species with an
apparent standard potential of 0.28 V versus SCE. Faster scan rates lead to
the splitting of the oxidation and reduction peaks. This tailing of the wave's is
characteristic of a diffusion limited process (40).
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Fig. 4

Typical Cyclic Voltammogram of PCs-EA polymer crosslinked

with PEG.
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Fig. 5

The POs-EA polymer crosslinked with PEG plotted at varied scan

rates. The scan rates were 10, 20, 50, and 100 mV/sec.
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11.1.2.Polymer-Glucose Oxidase Electrode Set Up
The electrodes were prepared as described in polymer electrode set up
except a solution of 2 mg/ml glucose oxidase was prepared and added to the
POs-EA solution and the PEG solution.

The combination was 50 ul of a 2

mg/ml GOD in 10 mM HEP ES pH 8.2, 100 ul of the 4 mg/ml POs-EA in the
same buffer, and 20 uL of a 2.3 mg/ml solution of PEG in water. The above
combination was mixed and 2 ul was applied to the glassy carbon electrode.
The electrode was allowed to dry at 38°C for 48 H.

The electrode was then

rinsed with water for a few min to remove any unreacted salts and then dried for
additional hour.
A typical cyclic voltammogram of the GOD/POs-EA/PEG film in the 10 mM
HEPES solution is displayed in Fig. 6. The film contained about 36 weight %
GOD and 5 weight% PEG. The 5 mv/sec scan rate shows slight peak splitting
of about 25 mV.
process (39).

The tailing of the wave indicates the onset of a diffusional

The voltammogram at 1 mV/sec exhibits an almost symmetric

wave, indicative of a reversible surface bound couple. The GOD/POs-EA/PEG
film when compared to the POs-EA/PEG complex exhibits slower charge transfer
kinetics.
Addition of glucose at 50 mM concentration results in a catalytic
electrooxidation according to the following equations (40);
GOD-FAD+ glucose

0

GOD-FADH2 + 2 Os(lll)

20s(ll)

0

GOD-FADH2 + gluconolactone

[6]

GOD-FAD+ 2 Os(ll) + 2H+

[7]

0

2e + 20s(lll)

[8]
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Fig. 6

A typical Cyclic Voltammogram of GOD/POs-EA/PEG.

39

+o.o

EllJOLTJ

40

The GOD-FAD represents the oxidized form of the flavin adenine dinucleotide
bound to the active site of glucose oxidase and GOD-FADH2 represents its
reduced form. GOD-FADH2 is reoxidized by the two osmium(lll) centers in the
polymer (or two single oxidation's of the polymer) with the corresponding
reduction of the redox polymer centers and the release of two protons.

The

redox sites in the polymer cannot diffuse when the polymer is cross-linked to an
enzyme and therefore all redox sites are not equivalent. The redox centers that
lie close enough to the enzyme permit electron transfer from the reduced
enzyme to the oxidized redox center within a defined period. The remaining bulk
redox centers participate only in electron self-exchange reactions.

The

electrons of the osmium( II) centers transfer (41) from the enzyme active site
through the redox polymer to the electrode [8]. The osmium (II) centers closest
to the electrodes are expected to oxidize rapidly and therefore will be unlikely to
contribute to the observed kinetics (42). The reaction represents a two electron
oxidation of glucose by the electrode which is kinetically forbidden on an
unmodified electrode in this potential range. Fig. 7 represents the GOD/POsEA/PEG mixture scanned at 1 mV/sec, 5 mV/sec, and at 5 mV/sec in the
presence of 50 mM glucose. The scan at 5 mV/sec in 50 mM glucose shows an
increased intensity at 0.28 V indicating that a reaction has taken place between
the film and glucose.
The data in the above section indicates that the polymer was successfully
synthesized and that it should shuttle the charge from the electrode surface to
an enzyme (GOD).
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Fig. 7

A cyclic voltammogram of GOD/POs-EA/PEG film on a glassy

carbon electrode run at 1 mV/sec, 5 mV/sec, and 5 mV/sec in the presence
of 50 mM glucose.
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Ill.Binding of GOD with Antibody

The next requirement is to demonstrate that antibody activity towards the
antigen remains intact even when the antibody is bound into the polymer. The
first task is to develop a method for monitoring antibody-antigen interaction. We
chose a GPC method as described in the next several experiments.

An anti-

GOD antibody was chosen as a target and GOD as the antigen.

lll.1.1Antibody Purification

The purification of the antibody was carried out with Affi-Gel Blue affinity
gel. Affi-Gel Blue affinity gel is a beaded crosslinked agarose with covalently
attached Cibacron Blue F3GA. It contains 2 mg dye per ml of gel and has a
capacity for albumin binding greater than 11 mg/ml.

Affi-Gel Blue purifies a

large range of proteins from widely divergent origins. The blue dye apparently
functions as an ionic, hydrophobic aromatic, or sterically active binding site in
various applications. Proteins that interact with Affi-Gel Blue can be bound or
released with a high degree of specificity by manipulating the composition of the
eluant buffers.

The purification of the antibody lgG1 was performed by the

following procedure (43).
1.

Prepare a column of Affi-Gel Blue, 50-100 mesh with a total bed
volume of 1 ml.

2.

Prewash the column with 2 bed volumes of 0.2 M potassium
phosphate buffer, pH 6.8.

3.

The antibody was rapidly desalted with a Bio-Gel
gel matrix.

4.

The desalted sample is applied to the column.

P polyacrylamide
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5.

The column is washed with 2 bed volumes of 0.2 M potassium
phosphate buffer.

The effluent from this step contains the protein

minus most of the serum.
The effluent from the above purification was collected in three fractions. Each
fraction was analyzed by GPC. The GPC conditions are listed in Table 6.
Fig. 8 is the GPC chromatogram comparing the three fractions collected.

Fraction two contained the most purified antibody and was therefore used in the
binding studies.

Two components were detected in the chromatogram at a

retention time of about 2.6 min and 3.4 min.
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Table 6.--The typical GPC conditions used.

Column:

SynChropak GPC300 250x4.6 mm l.D.

Mobile Phase:

0.2 M Potassium Phosphate, pH 6.9

Flow Rate:

1.0 ml/minute

Injection Volume:

20 mcl

Detector:

UV, 280 nm
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Fig. 8

The GPC chromatogram comparing the three fractions collected

after purification.
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111.1.2.Glucose Oxidase Tagging Procedure

In some experiments the binding of antibody-antigen was followed using
tagged GOD to enhance sensitivity. The next section describes the method.
Glucose oxidase (GOD) was prepared at a concentration of 1 mg/ml in a
1O ml volumetric flask. The pH was adjusted with 0.01 N sodium hydroxide to a
pH of 9.2.

Fluorescein lsothiocyanate (FITC) was prepared by weighing

approximately 2.5 mg in 1.5 ml of dimethylsulfoxide. To the glucose oxidase
solution 100 ul of FITC solution was added and the sample was allowed to stir
for 45 min at room temperature (44,45,46,47).

111.1.3. Tagged GOD-Antibody Reaction

At the end of the reaction time 400 ul of the GOD tagged (GOD*) solution
was reacted with 10, 20, 30, 40, and 50 ul additions of antibody. The reaction
mixtures were then injected into the GPC system.

A peak eluting at

approximately 2.2 min was detected with increasing abundance with each 10 ul
addition of purified antibody. Also, the peak at 2.4 min decreased with each
addition.

Fig. 9 is the overlaid chromatogram of the GOD* solutions with

increasing amounts of purified antibody.

The peak produced at 2.2 min is

indicative of a higher molecular weight material.

This is based on the GPC

theory that larger molecules elute first. This peak would also be indicative of the
antibody binding to the GOD*. Fig. 10 is a graphical representation of the peaks
at 2.2 and 2.4 min.

With each addition of antibody the response of the 2.2

minute peak increases.

However a leveling off is observed at the higher

concentrations and a corresponding decrease in the peak at 2.4 min is noted.
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From this we identify the peak at 2.4 min with free GOD. Table 7 displays the
data used to generate Fig. 10 and also the graph parameters obtained.
The GPC data above suggested that tagging was not required to monitor
the antibody-antigen reaction.
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Fig. 9

The GPC chromatogram of GOD* spiked with increasing amounts

of purified antibody.
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Fig. 10

The plot of the peak response at 2.2 and 2.4 min versus antibody

additions.
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Table 7.--The regression data for the plot in Fig. 10.

ul of Antibody

Peak Height (2.2 min.)

Peak Height (2.4 min.)

10

1805

28691

20

4931

25153

30

7516

22362

40

9917

19945

50

10289

14798

Slope

y-intercept

r2

286(2.2 min)

-9.6

0.99

139(2.2 min)

3695

0.85

-316(2.4 min)

31731

0.99

-378(2.4 min)

34163

0.96
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111.1.4.Glucose Oxidase binding to Antibody

The next section details attempts to monitor antibody-antigen reaction
without the use of the tag. The same experiments as above were conducted by
spiking 10 ul additions of purified antibody to a 1 mg/ml GOD solution. Fig. 11
is the overlaid GPC chromatogram of the 1 mg/ml GOD solution spiked with 10,
20, 30, 40 ,50, and 60 ul additions of purified antibody. The amount of GOD
solution was kept constant and the same GPC conditions in Table 6 were
utilized. The results were very similar to the GOD* experiments. However, the
GPC chromatogram was simplified. The peak at 2.2 min increased with addition
of purified antibody and the peak at 2.6 min decreased. Fig. 12 is plot of the
peak area response of the 2.2 minute peak versus increasing amounts of
purified antibody.

A leveling off is observed with higher spiking amounts of

antibody. In this experiment the change in response of the 2.6 minute peak is
more closely related to the change in response of the 2.2 minute peak. These
results suggest that binding of GOD to antibody can be followed by a decrease
in GOD (peak 2.6) or an increase in GOD-Ab (peak 2.2). Also, noted in Fig.12
is an increase in a shoulder at 3.2 min. This is due to either the antibody or to
an antibody-GOD fragment. Table 8 displays the data used to generate Fig. 12
and also the graph parameters obtained.
The experiment indicates that the binding of antibody-GOD may be easily
followed by GPC.
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Fig. 11

The GPC chromatogram of GOD spiked with increasing amounts

of antibody.
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Fig. 12

The plot of untagged GOD at 1 mg/ml with increasing amounts of

purified antibody.
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Table 8.--The regression data for the untagged GOD versus increasing
amounts of purified antibody. The peak areas and antibody amounts were
used to generate Fig. 12.

ul of Antibody

Peak Height (2.2 min.)

Peak Height (2.6 min.)

10

2860

24125

20

5928

21278

30

8778

20572

40

10607

18268

60

14346

19474

Slope

y-intercept

r2

296(2.2 min)

-62.7

0.99

186(2.2 min)

3193

0.99

-178(2.6 min)

25545

0.89

22(2.6 min)

20424

0.09
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IV.Binding of Antibody and POs-EA Polymer

The next phase of the project is to demonstrate that the antibody is bound
to the polymer.
The POs-EA polymer was prepared at 1 mg/ml and then injected into the
GPC system. No peaks were observed for 60 min of run time consistent with the
low molecular weight of the polymer fragments. The 1 mg/ml POs-EA polymer
was then spiked with 10 ul additions of purified antibody in the same manner as
the GOD and GOD* experiments. Fig. 13 is a GPC chromatogram showing the
polymer overlaid with 10, 20, 30, 40, 50, and 60 ul additions of antibody. The
results show a peak at 3.2 min increasing with each 10 ul addition of antibody.
Fig. 14 is the plot of peak area response for the 3.2 minute peak versus

antibody additions for the POs-EA polymer. Table 9 displays the data used to
generate Fig. 14 and also the graph parameters obtained.
The peak at 3.3 and 2.8 had been previously identified with free antibody
fraction (see Fig. 14). The fact that there is a nearly linear increase in these
peaks suggests that the antibody does not bind well to the polymer in the
absence of the crosslinking reagent or in the absence of GOD.
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Fig. 13

The GPC chromatogram of the POs-EA polymer overlaid with

increasing amounts of added antibody.
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Fig. 14

The plot of peak area response for the POs-EA polymer peak at

2.8 and 3.3 min versus increasing amounts of antibody.
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Table 9.--The regression data for the polymer versus increasing amounts
of purified antibody. The peak areas and antibody amounts were used to
generate Fig. 14.

Peak Height ( 2.8 min.)

Peak Height (3.3 min.)

ul Antibody

162

1317

10

255

2105

20

315

2795

30

368

3468

40

375

3648

50

364

4179

60

Slope

y-intercept

r2

71.4(3.3 min.)

636

0.99

35.6(3.3 min.)

199

0.92

4.07(2.8 min.)

164.2

0.82
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V.Binding of GOD with Antibody and POs-EA Polymer
The first task now is to ascertain if the presence of the polymer inhibits the
antibody-GOD reaction.
The POs-EA polymer and GOD were prepared at 1 mg/ml concentrations.
The two solutions were combined by pipeting 400 ul of each into a single vial.
The vial was prepared seven times and 0, 10, 20, 30, 40, 50, and 60 ul of
purified antibody was added.

The resulting mixtures were then analyzed by

GPC using the conditions in Table 6.
produced three peaks.

The resulting GPC chromatogram

Two peaks at 2.8 and 3.2 min, associated with free

antibody, increased with increasing additions of purified antibody and one peak
remained constant at 3.6 min. Fig. 15 is an overlaid GPC chromatogram of the
POs-EA polymer plus GOD with increasing amounts of antibody.

Fig. 16 is a

plot of the peak area response for the peaks at 2.8 and 3.2 min versus the
amount of purified antibody added. Table 10 displays the data used to generate
Fig. 16 and also the graph parameters obtained. Fig. 16 shows upward rising
inflection points in the free antibody concentration indicating that antibody has
reacted with GOD even in the presence of polymer. The product antibody-GOD
is not a free adduct because the 2.2 minute peak associated with the specimen
is absent. This indicates that the antibody-GOD adduct formed is retained by
the polymer system.
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Fig. 15

The GPC chromatogram of the POs-EA polymer and GOD overlaid

with increasing amounts of added antibody.
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Fig. 16

The plot of peak area response for the PCs-EA polymer and GOD

peaks at 2.8 and 3.3 min versus increasing amounts of antibody.
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Table 10.--The regression data for the GOD and Polymer versus increasing
amounts of purified antibody. The peak areas and antibody amounts were
used to generate Fig. 16.

Peak Height(2.8 min.)

Peak Height (3.3 min.)

ul Antibody

135

818

10

214

992

20

258

1179

30

373

1525

40

480

1856

50

619

2150

60

Slope

y-intercept

r2

18.1 (2.8 min.)

635

0.99

32.4(2.8 min.)

218

0.99

6.2(2.8 min.)

79.3

0.97

11.9(2.8 min.)

-103

0.99
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VI.Diode Array Data from the GPC Chromatograms

Because the free antibody and GOD peaks at 2.3 min. overlapped, making
detection of changes in these concentrations difficult, a diode array detector was
applied to the separation.

The hope was that the diode array data would

distinguish between free antibody and free GOD peaks.
A Perkin Elmer diode array was used to analyze selected samples.

The

samples were acquired at two wavelengths 230 and 280 nm. The diode array
was set up to acquire from 200 to 360 nm. The band pass was set up at 5 and
the sensitivity was 0.01. The spectra were acquired in Apex only mode. The
results from the diode array detection showed two different maxima for the peaks
eluting at 1.9 and 2.3 min. The maxima was 276 nm for GOD, 278 nm for the
bound antibody with GOD, and 279 nm for the antibody. The differences in the
maxima are 1-3 nm for each mixture. The differences are small, however the
structures are similar. The different maxima is significant and indicates several
different species are present at these retention times.
dimension to the data.

This gives another

A retention shift is seen as well as a new spectral

maximum for the antibody added to GOD.

Fig. 17, 18, and 19 are the GPC

chromatograms with the diode array maxima and spectrum associated with each.
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Fig. 17

The GPC diode array chromatogram of the purified antibody.
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Fig. 18
solution.

The GPC diode array chromatogram of the 1 mg/ml GOD
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Fig. 19

The GPC diode array chromatogram of the 1 mg/ml GOD solution

spiked with 60 ul of purified antibody.
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VII.Polymer and Antibody Electrode Experiments

The next experiment is to demonstrate that antibody crosslinked with the
POs-EA polymer shuttles a charge through the complex in a manner similar to
the polymer crosslinked with GOD. The unpurified antibody was crosslinked
following a similar procedure for the GOD/POs-EA/PEG electrode. The
procedure was preparation of the polymer at about 4 mg/ml in 10 mM sodium
Hepes pH 8.2 and PEG at about 2.3 mg/ml in water. The electrode was
prepared by combining 100 ul of the polymer solution, 50 ul of the unpurified
monoclonal antibody, and 20 ul of the PEG solution. This combination was
mixed and 2 ul of the resulting solution was applied to a glassy carbon
electrode. The electrode was allowed to dry for 48 Hat about 40°C. The
electrode was rinsed with water to remove the unreacted salts and then allowed
to air dry. A CV was acquired from the electrode with the same conditions used
to generate Fig. 6. The CV generated from this experiment is displayed in Fig.
20. The Osmuim center at about 0.28 volts versus SCE appears to be shuttling

the charge completely.
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Fig. 20

A typical Cyclic Voltammogram of Ab/POs-EA/PEG.
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VIII.Summary and Future Direction

The synthesis of an osmium containing polymer was accomplished. This
polymer POs-EA possesses excellent charge transfer kinetics as described by
this paper.

This polymer POs-EA can be crosslinked with enzymes such as

glucose oxidase and produce selectivity towards glucose.

The polymer was

shown to be stable and spectroscopic studies were used to characterize its
structure. This polymer, the monoclonal antibody glucose oxidase, and glucose
oxidase were analyzed by gel permeation chromatography.

The monoclonal

antibody glucose oxidase showed binding with glucose oxidase by producing a
higher molecular weight compound separated by GPC and detected by UV at
280 nm.

Binding of GOD to antibody occurred even in the presence of the

polymer as monitored by the free antibody peak. The GOD-Ab adduct formed
has associated with the polymer.

The polymer was crosslinked with the

unpurified monoclonal antibody and was able to shuttle charge.
In the future we would like to design and study an antibody-modified
electrode.

This antibody-modified electrode would incorporate selectivity for

detecting specific antigens.

The polymer synthesized by this method will be

used to facilitate the transfer of the charge and spatial requirements in the
design of an antibody-modified electrode. The polymer was proven to work in
the environment of an enzyme, glucose oxidase, and an antibody, monoclonal
anti-glucose oxidase.
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